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1
LASER SCANNER AND METHOD FOR A
SAFE DETECTION OF OBJECTS

The invention relates to a laser scanner and to a method for
a safe detection of objects.

BACKGROUND

Optoelectronic symptoms, and in particular laser scanners,
are suitable for distance measurements which require a large
horizontal angular range of the measurement system. In a
laser scanner, a light beam generated by a laser periodically
sweeps over a monitored zone with the help of a deflection
unit. The light is remitted at objects in the monitored zone and
is evaluated in the scanner. A conclusion is drawn on the
angular location of the object from the angular position of the
deflection unit and additionally on the distance of the object
from the laser scanner from the time of flight of light while
using the speed of light. Two general principles are known for
determining the time of flight of light for conventional light
scanners. In phase-based processes, the continuous transmit-
ted light is modulated and the phase shift of the received light
with respect to the transmitted light is evaluated. In pulse-
based processes or pulse transit time processes, the transmit-
ter works in single pulse operation at comparatively high
pulse energies and the laser scanner measures object dis-
tances with reference to the time of flight between the trans-
mission and reception of a single light pulse. In a pulse
averaging process known from EP 2 469 296 B1, a plurality of
individual pulses are transmitted for a measurement and the
received pulses are statistically evaluated.

The location of an object in the monitored zone is detected
in two-dimensional polar coordinates using the angular data
and the distance data. The positions of objects can thus be
determined or their contour can be determined. The third
spatial coordinate can likewise be detected by a relative
movement in the transverse direction, for example by a fur-
ther degree of freedom of movement of the deflection unit in
the laser scanner or in that the object is conveyed relative to
the laser scanner. Three-dimensional contours can thus also
be measured.

In addition to such measurement applications, laser scan-
ners are also used in safety technology for monitoring a
danger source, such as a dangerous machine. Such a safety
laser scanner is known from DE 43 40 756 A1. In this process,
a protected field is monitored which may not be entered by
operators during the operation of the machine. If the laser
scanner recognizes an unauthorized intrusion into the pro-
tected field, for instance a leg of an operator, it triggers an
emergency stop of the machine. Other intrusions into the
protected field, for example by static machine parts, can be
taught as permitted in advance. Warning fields are frequently
disposed in front of the protected fields where intrusions
initially only result in a warning to prevent the intrusion into
the protected field and thus the securing in good time and so
increase the availability of the plant. Safety laser scanners
usually work as pulse-based.

Safety laser scanners have to work particularly reliably and
must therefore satisfy high safety demands, for example the
EN13849 standard for safety of machinery and the machinery
standard EN1496 for electrosensitive protective equipment
(ESPE). To satisfy these safety standards, a series of measures
have to be taken such as a safe electronic evaluation by
redundant, diverse electronics, functional monitoring or spe-
cial monitoring of the contamination of optical components,
in particular of a front screen.
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One of these measures which turn a laser scanner into a
safety laser scanner is the use of an internal reference target
system with whose aid the error-free function of the distance
measurement and its unimpaired sensitivity are checked.
FIG. 5 shows such a conventional safety laser scanner 100
with a reference target 102 in a schematic plan view. This
reference target 102 is optically scanned in every revolution
of the deflection unit and the signal echo is evaluated with
respect to signal strength and distance value. The comparison
of this measurement with a taught expected value allows the
assessment of whether the detection capability of the safety
laser scanner is limited. In addition, a current distance offset
which is caused by temperature-dependent internal signal
transit time fluctuations can be determined and corrected
from this measurement.

This monitoring and correction function can only be per-
ceived when the reference target signal is independent of
external circumstances such as external light, contamination
and background emissions. This delineation from environ-
mental influences is achieved in the prior art in that a contigu-
ous angular range 104 of the viewing range is used exclu-
sively for the reference target measurement. The carrier at
which the deflection unit with motor, rotating mirror and
angular encoder is suspended is also located in the angular
range 104. The reference target 102 is also fastened to the
carrier.

The advantage of the conventional implementation is the
possibility of a continuous system testing with the aid of the
actual measurement system. The disadvantage of this design
is the reduction of the usable viewing range because the
carrier with the reference target 104 blocks the optical beam
path to the outside. The viewing range 106 is thereby
restricted to approximately 270°. Applications in which a
larger viewing range 106 is to be monitored can therefore only
be covered by at least two safety laser scanners. In this
respect, the situation shown in FIG. 5 with a dead zone in the
angular range 104 is even shown too optimistically. The more
compact the construction of the safety laser scanner, the more
difficult it becomes to realize such a narrow angular range 104
as a dead zone or to achieve only a reduction by only approxi-
mately 90° at all.

A laser scanner is known from EP 2 482 094 B1 in which
the test target or reference target does not lie in the scan plane,
with the scan beam being conducted from the scan plane to
the test target with the aid of a deflection unit. In an embodi-
ment, the inner surface of a curved front screen forms the
deflection unit. The deflection unit, however, shadows the
angular range of the test goal in exactly the same way as the
above-described carrier. In the case of the embodiment in
which the front screen forms the deflection unit, it is sepa-
rately mirrored in this angular range. This arrangement thus
does not solve the problem of the dead zone.

SUMMARY

It is therefore the object of the invention to provide a laser
scanner having an improved testing of the signal path.

This object is satisfied by a laser scanner and by a method
for the safe detection of objects.

The laser scanner comprising:
a light transmitter for transmitting a light signal into a moni-
tored zone,
a light receiver for generating a received signal from the light
signal remitted by objects in the monitored zone,
a movable deflection unit for the periodic deflection of the
light signal to scan the monitored zone in the course of the
movement, and
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an evaluation unit for detecting the objects with reference to
the received signal and for testing the signal path from the
transmission of the light signal up to the detection of the
objects,

wherein the evaluation unit is configured also to detect
objects in angular positions of the deflection unit in which the
signal path is tested.

A laser scanner has a movable deflection unit, that is for
example, a rotating optics head with light transmitter and
receiver or a rotary rotating mirror and periodically scans a
scan plane in this manner. On an additional tilt of the deflec-
tion unit, the monitored zone becomes a three-dimensional
spatial zone. The laser scanner tests the complete signal path
where possible, including the evaluation, and thereby
becomes a safe laser scanner with a test of its function. The
invention now starts from the basic idea of also detecting
objects in angular positions in which the signal path is tested.
This is strictly separated with conventional safe laser scan-
ners. There is the viewing range of approximately 270° and a
dead zone in which the test takes place by means of a refer-
ence target, but the light signal does not leave the laser scan-
ner and thus cannot detect any objects. In accordance with the
invention, this dead zone does not exist. The test of the signal
path thus does not require any restriction of the field of view.

The invention has the advantage that the conventional con-
tradiction between the demand for a 360° viewing range and
a reference signal required for technical safety aspects is
resolved for monitoring the detection capability. An internal
testing of the signal path is made possible without a reduction
of the viewing range. Safe laser scanners can thus achieve a
field of view of up to 360°.

The laser scanner preferably has a test light transmitter for
generating a test light signal, wherein the test light transmitter
is aligned such that the test light signal moves within the laser
scanner directly or via a scattering object within the housing
or via the deflection unit to the light receiver. The test light
signal replaces the signal of the conventional reference target
at the reception side. There is the freedom as an active signal
source independent of the measurement system to design the
test light signal as desired both in its time behavior and in its
signal shape. The test signal remains internal, it does not leave
the laser scanner and is therefore also not falsified by envi-
ronmental influences.

The test light transmitter is preferably orientated such that
the test light signal is additionally reflected internally at a
front screen of the laser scanner. The test light path here
therefore additionally moves via the front screen and then
directly or again via the deflection unit into the light receiver.
The test light triggers a front screen reflection which is then
evaluated as the test light signal. The angle of incidence on the
front screen is preferably shallow enough that a large part of
the test light or the total test light is internally reflected by
total reflection. It is also conceivable to mirror the front screen
at the incidence location of the test light in that this incidence
location has a vertical offset from the passage location of the
light signal of the measurement by a corresponding tilt angle
of the test light transmitter.

The evaluation unit is preferably configured to trigger a test
light signal of the test light transmitter at a point in time in
which the test light signal is detected in the received signal
with a time offset from the light signal. There is thus no
irritating superposition of the test light signal and measure-
ment signal in the received signal. The measurement and the
test are decoupled time-wise and both the test and the mea-
surement are possible in the same measurement period at the
same angular position of the deflection unit.
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The point in time preferably corresponds to a temporal
dead zone at the start or at the end of a measurement. The
ensures in advance that no superposition with a relevant mea-
sured signal can take place. A first temporal dead zone results
in the extreme near region at the start of each measurement
period by electronic internal signal transit times or optical
signal transit times which correspond to distances still within
the laser scanner. A second temporal dead zone corresponds
either to a dead time between two measurements or, if mea-
surements follow one another directly, from a distance which
is outside the measurement range or which is admittedly still
in the measurement range, but no longer at a specified dis-
tance where protected fields can be configured.

The evaluation unit is preferably configured to dynami-
cally adapt the point in time in the course of the movement of
the deflection unit. For example, the test is relocated to a point
in time in the received signal in which no object lies after a
preceding measurement or for an adjacent angle. A change
between the first near temporal dead zone and the second far
temporal dead zone is also conceivable. The dynamic adap-
tation of the point in time can also serve to test the evaluation
of'the transit time measurement since a changed point in time
has to result in precisely one expected change of the transit
time in an error-free system.

The evaluation unit is preferably configured to vary the
amplitude of the test light signal. Light and dark targets with
high or low remission are for example, thereby simulated
which have to be detected both safely and at the correct
distance.

The laser scanner preferably has an A/D converter and a
memory to digitize the received signal and to record it for a
following evaluation. Interference signals and useful signals
can be separated in the time-resolved digital signal, the
received point in time and thus the time of flight of light can
be determined and the test signal can be separated from the
measured signal.

The evaluation unit is preferably configured to test whether
the test light signal is received at an expected minimum
amplitude and/or in an expected angular position of the
deflection unit. Impairments in the optical system, that is, for
example, in the deflection unit or reception optics due to
effects such as condensation, corrosion or maladjustment, as
well as in the amplification of the light receiver or of its
downstream analog electronics are recognized via the ampli-
tude. The test signal is moreover expected in specific angular
positions at which a lack of coincidence is recognized
between the encoder for the angular position determination
and the actual angular position.

The laser scanner preferably has a test light receiver which
is arranged such that a portion of the light signal is received
therein directly or after reflection at a front screen of the laser
scanner. The previously named tests relate to the reception
path. The transmission path is now also tested with the test
light receiver. For this purpose, in particular a front screen
reflection of the light signal of the actual light transmitter is
evaluated. A contamination of the front screen can thus simul-
taneously be tested. This would anyway be required for a safe
laser scanner so that the light transmitter can be tested without
additional apparatus effort via a dual function.

The laser scanner preferably has a base unit and a top unit
carried by a front screen, with the deflection unit being held in
the top unit. A carrier in the rear dead angular range of the
deflection unit conventionally serves for the mechanical hold-
ing. This is no longer possible ifa viewing range of up to 360°
is to be achieved. The front screen instead therefore becomes
a carrying element and the motor is held from above. The test
light transmitter can also be accommodated in the top unit
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next to the motor. Alternatively to supporting the motor from
above, thing holder elements can also be conducted from
below. These holding elements could admittedly be detected
by the scanning beam, lie within the laser scanner and thus
necessarily outside the relevant protected fields, whereby
they are reliably and simply masked. Only a certain energetic
loss, but by no means an incorrect measurement, thereby
results. It is naturally possible to turn the design around; the
base unit is then at the top and the top unit becomes a base unit
despite the in this case less apt name. The orientation of the
laser scanner anyway depends on the assembly at the location
of the application.

The laser scanner is preferably configured as a distance
measurement device in that the evaluation unit is configured
to determine the time of flight of light between the transmis-
sion and the reception of the light signal and to determine the
distance of an object from this. Substantially more accurate
object information can thus be acquired than by a mere deter-
mination of the presence of objects. An angle measurement
unit is preferably provided for detecting the angular position
of the deflection unit. Complete two-dimensional position
coordinates are then available overall for detected objects. In
the case of a spatially extended monitored zone, the respec-
tive tilt angle of the scanning unit is also detected so that
overall three-dimensional spherical coordinates are obtained
which likewise completely describe the object position
within the monitored zone.

The evaluation unit is preferably configured to correct the
time of flight of light with reference to a point in time at which
the test light signal is received. This serves, for example, for
the temperature-dependent correction of the time of flight of
light. The path of the test light becomes an optical reference
path of the measurement of the time of flight of light. If only
the electrical transit times are to be corrected, an electrical test
signal can alternatively be fed in.

The laser scanner is preferably configured as a safety light
scanner and has a safety output, with the evaluation unit being
configured to determine whether an object is located in a
protected field within the monitored zone and thereupon to
output a safety-directed shut-down signal via the safety out-
put. A safety laser scanner is a safe laser scanner in the sense
of'a safety standard such as initially described and can there-
fore in particular be used for personal protection at danger
sources.

The method in accordance with the invention can be further
developed in a similar manner and shows similar advantages
in so doing. Such advantageous features are described in an
exemplary, but not exclusive manner in the subordinate
claims dependent on the independent claims.

The invention will be explained in more detail in the fol-
lowing also with respect to further features and advantages by
way of example with reference to embodiments and to the
enclosed drawing. The Figures of the drawing show in:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 a schematic sectional representation of an embodi-
ment of a laser scanner;

FIG. 2 a schematic sectional representation of a further
embodiment of a laser scanner;

FIG. 3 a representation of the signal path to be tested in a
laser scanner;

FIG. 4 an exemplary time-resolved received signal for
explaining the temporal decoupling of the measured signal
and the test signal, in particular with the aid of temporal dead
zones; and
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FIG. 5 a schematic plan view of the monitored zone of a
conventional laser scanner with a dead zone over a contiguous
angular range.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 shows a schematic sectional representation through
alaser scanner 10. A light transmitter 12, for example having
a laser light source, generates, with the aid of a transmission
optics 14, a transmitted light beam 16 which is deflected at a
deflection unit 18 into a monitored zone 20. If the transmitted
light beam 16 is incident on an object in the monitored zone
20, remitted light 22 again moves back to the laser scanner 10
and is there detected by a light receiver 26 via the deflection
unit 18 and by means of a reception optics 24, for example a
photodiode or an APC (avalanche photodiode).

The deflection unit 18 is configured in this embodiment as
a rotating mirror which rotates continuously by the drive of a
motor 28. The respective angular position of the motor 28 or
of the deflection unit 28 is recognized via an encoder which,
for example, includes a code disk 30 and a forked light barrier
32. The light beam 16 generated by the light transmitter 12
thus sweeps over the monitored zone 20 generated by the
rotational movement. Instead of a rotating mirror, it is also
possible to configure the deflection unit 18 as a rotating optics
head in which the light transmitter 12 and/or the light receiver
26, and possibly further elements, are accommodated. The
design of the transmission optics 14 and reception optics 24
can also be varied, for instance via a beam-shaping mirror as
a deflection unit, another arrangement of the lenses or addi-
tional lenses.

If no remitted light 22 is received from the monitored zone
20 by the light receiver 26, a conclusion can be drawn on the
angular position of the object in the monitored zone 20 from
the angular position of the deflection unit 18 measured by the
encoder 30, 32. In addition, the time of flight of light from the
transmission of a light signal up to its reception after reflec-
tion at the object in the monitored zone 20 is determined and
a conclusion is drawn on the distance of the object from the
laser scanner 10 using the speed of light.

This evaluation takes place in an evaluation unit 34 which
is connected for this purpose to the light transmitter 12, to the
light receiver 26, to the motor 28 and to the encoder 32.
Two-dimensional polar coordinates of all objects in the moni-
tored zone 20 are thus available via the angle and the distance.
In a technical safety application, the evaluation unit 34 checks
whether a non-permitted object intrudes into a protected zone
fixed within the monitored zone 20. If this is the case, a
securing signal is output via a safety output 36 (OSSD, output
signal switching device) to a monitored source of danger, for
example to a machine. The laser scanner 10 is a safe laser
scanner in such technical safety applications due to measures
in accordance with the initially named standards.

One of these technical safety application measures is a test
of the signal path using a test light signal. A test light trans-
mitter 38 is provided for this purpose which can irradiate a
test light signal 40 directly into the light receiver 26 or, as
shown in FIG. 1, after reflection at the deflection unit 18.

All the named functional components are arranged in a
housing 42 which has a front screen 44 in the region of the
light exit and of the light entry.

The deflection unit 18 is set into rotational movement from
above in the laser scanner 10. No carrier at the level of the
light exit and of the light entry is required so that there is also
no angular range of a dead zone in which the carrier or a
reference target shadows the transmitted light beam 16 or the
remitted light 22. The motor 28 is instead held by a top unit 46
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of'the housing 42. The front screen 44 thereby has a support-
ing function for the suspension of the deflection unit 18; it
namely holds the top unit 46 with respect to a base unit 48 of
the housing 42.

In this manner, the laser scanner 10 has a viewing range of
up to 360°. Lines 50 for the power supply of the motor 28 and
the transfer of the angular signal of the encoder 32 have to be
conducted through the illumination zone of the transmitted
light beam 16 with a 360° all-round view. A wireless transfer
and supply is conceivable in principle, but very complex
and/or expensive. As long as the lines 50 are conducted out-
side the mechanical rotational zone of the deflection unit 18
and are designed with a very small diameter and blacked, this
is also not necessary. For then the lines 50 only bring about a
certain energy reduction or slight energetic signal damping,
but not a restriction of the viewing range. An incorrect mea-
surement of the near zone echo as an object in a protected
zone is precluded since the distance is too small and would
still be measured within the laser scanner 10. Such near
detections can be suppressed in a near zone suppression of the
evaluation or optically by a near zone baffle.

It is also possible for similar considerations also to hold
from below by holding elements instead of a suspension
illustrated in FIG. 1 of the motor 28 and the deflection unit 18
at the top unit. Like the lines 50, which could in another
respect be accommodated at or in the holding elements, the
holding elements should be narrow and should be covered in
black as well as optionally lie in the shadow of a near zone
baftle. It is alternatively conceivable to use a hollow shaft
motor, but the described embodiment variants are to be pre-
ferred for cost reasons.

FIG. 2 shows a further embodiment of the laser scanner 10.
In this respect, the same reference numerals designate the
same features or mutually corresponding features in the total
description. This embodiment above all differs from that in
FIG. 1 by the attachment of the test light transmitter 38 next
to the motor 28. The test light signal 40 is additionally
reflected at the inner side of the front screen due to this
arrangement on a test light path to the light receiver 26. So that
the circuit board of the test light transmitter 38 does not have
to be tilted for its orientation, a deflection prism 52 is posi-
tioned upstream which is at the same time collimating and
thus replaces a collimation lens. In addition, the lines in the
embodiment in accordance with FIG. 2 are attached directly
from top to bottom and not at the front screen 44. Variation
possibilities which can also be differently combined should
be illustrated by the differences between FIGS. 1 and 2. A
deflection prism 52 can thus also be used in the embodiment
in accordance with FIG. 1, just as the lines 50 can selectively
be conducted directly or at the front screen 44.

A large visual range of up to 360° can be realized using the
laser scanner 10 in accordance with the invention without
having to dispense with the reference target measurement for
testing the signal path conventionally accommodated in an
angular range of a dead zone. The test of the signal path for
transmitting the transmitted light beam 16 up to the determi-
nation of a distance from a time of flight of light will now be
explained in more detail with reference to FIGS. 3 and 4.

FIG. 3 shows a representation of the signal path to be tested
in a laser scanner. This signal processing chain should be
detected as completely as possible, ideally starting from the
light transmitter 12 up to the digital measured result. The
different aspects should be covered with as few tests as pos-
sible.

First, the optical system, that is in particular the light trans-
mitter 12, transmission optics 14, deflectionunit 18, reception
optics 24 and light receiver 26, can be tested using an optical

8

test or a signal reference signal. The remainder of the signal
chain could also be tested with a fed-in analog test signal
alternatively to the received signal generated from the optical
test signal in the light receiver 26. The analog electronics are
5 thus tested next, that is, for example, an amplifier or an analog
signal filter. A digital sampling subsequently takes place. The
required A/D converter is understood as part of the evaluation
unit 34 in FIGS. 1 and 2 and is not shown separately there.
After the digital scanning, the received signal is available as a
10 time-resolved digital signal for a further evaluation.

Again, from there, the remainder of the signal chain could
now be tested with a fed-in, now digital test signal alterna-
tively to the digitized received signal of the optical reference
signal. The digital signal processing determines, after an

5 optional digital preprocessing, a point in time at which the test
signal was received and from this a signal transit time or a
time of flight of light. When observing the signal chain of
FIG. 3, itbecomes clear that the determined signal transit time
includes an internal component of electrical transit times

20 which has to be considered by calibration. These transit times

are moreover temperature-dependent. A corresponding drift
can be recognized from the transit time of the test signal and
thus compensated. The optical system is not prone to such
drifts because the time of flight of light is not temperature-

25 dependent, so that an electronic test is sufficient here.

The evaluation unit 34 has an expectation as to when the
optical reference signal should be received with an error-free
function and can thus reveal errors. If the function is not
ensured, a safety-directed shut-down via the safety output 36

30 (OSSD) is triggered.

The conventional reference target measurement in an
angular range of a dead zone can satisfy the following six
objects:

Object of the Reference Target

35 1. Monitoring of the amplification of the light receiver 12

2. Monitoring of the losses in the optical system

3. Vertical scan field variation (mechanical/thermal influ-

ences)

4. Rotation of the code disk 32 with respect to the system

40 5. Determination of the temperature-dependent offset of

the distance measurement

6. Monitoring of the laser performance

The same objects can also be satisfied by the laser scanner
10 in accordance with the invention which does not, however,

45 have any dead zone. These alternatives are typically, but not
necessarily, based on the signal of the test light transmitter 38.
This relates to the objects 1-5 at the reception side; the testing
of' the laser performance at the transmission side takes place
using an additional light receiver or by co-use of a light

50 receiver which is anyway present for a contamination test of
the front screen 44.

Alternatives in Laser Scanner 10:

1. Internal optical test signal

2. Internal optical test signal/Scattered light monitoring

55 3. Internal optical test signal/Varied front screen reflection

(direct derivation makes good adjustment necessary)/
Cyclic tests of the protected field with a test bar

4. Internal optical test signal/Shape matching of the com-
ponents/Centering pin/Adhesive bonding

60 5. Internal optical or electrical test signal

6. Additional reception diode/Co-use of the contamination

measurement (measurement of the mean cw power of
the inner front screen reflection)

FIG. 4 shows an exemplary time-resolved received signal

65 for explaining an advantageous temporal decoupling of the
measured signal and test signal, in particular with the aid of
temporal time zones. The test of the signal path is thereby no

—
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longer spatially separated by angular ranges, but rather tem-
porally by the actual measurement. Time ranges are used for
this purpose which are either not required at all for the mea-
surement or which are at least not relevant from a technical
safety aspect.

Two test signals 54a-b and one measured signal 56 can be
recognized in the received signal in FIG. 4. One test signal
54a-b is sufficient for the real test; however, a plurality of
possible time positions should be illustrated. There is here
still a special feature that the signals 54a-b, 56 include a
plurality of vibration cycles. This arises with a special mea-
surement process such as explained in EP 2 482 094 Bl
named in the introduction in which the reception pulse insti-
gates a resonant circuit and its decaying is visible in the
received signal. The duration of the decay then also has to be
taken into account for the temporal decoupling. With a
directly pulse-based time of flight of light process, the signals
56a-b, 56 would be correspondingly simpler and narrower.
This underlines the fact overall that the invention is not fixed
to a specific signal shape.

As long as the test signal 54a-b and the measured signal 56
are not superposed, separate evaluations can be carried out for
the test and measurement on the same received signal. There
are therefore no angular positions of the deflection unit 18
which would be used exclusively only for the test or only for
the measurement, and there is therefore also no angular range
of a dead zone.

The superposition of the test signal 54a-b and of the mea-
sured signal 56 can now be achieved reliably and simply in
that either an anyway present temporal dead zone 58 is used
directly after the transmission time, which results on the basis
of internal signal transit times, or which corresponds to
extremely short distances which remain within the laser scan-
ner and cannot therefore collide with a measurement. Alter-
natively, a pause between two measurements can be used or,
with a pause-free measurement, a temporal dead zone outside
a protected zone 60. This dead zone is admittedly still within
the measured zone 62, but is already temporally after the
maximum protected field range which can be specified.

The required temporal independence of the test signal
54a-b from the measured signal 56 is given by the separate
test light transmitter 38. The total received signal such as is
shown by way of example in FIG. 4 or at least all the relevant
information thereon is available to the evaluation unit 34 after
the digital scanning.

Instead of the described temporal decoupling, other possi-
bilities are also imaginable such as a spectral decoupling in
which the light transmitter 12 and the test light transmitter 38
use different frequencies or signal encodings.

Although the test of the signal path thus no longer blocks an
angular range, all of the above six objects of the conventional
reference target measurement can be satisfied. In principle,
different possibilities of optical and/or electronic measure-
ments are available for this purpose, and in part also other
measures. Variation possibilities result, for example, due to
the optical arrangement such as illustrated with reference to
FIGS. 1 and 2 and due to the temporal arrangement of the test
signals. To achieve a temporal delineation from the measured
signal and from environmental influences, the test signal is
generated via the test light transmitter 38 and is thus indepen-
dent of the measurement system in time behavior and signal
shape.

The monitoring of the power of the light transmitter 12
(object 6) can no longer be taken over by the reference target
system. This is unproblematic because in analogy to conven-
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tional contamination test systems of the front screen, the front
screen reflection of the transmitted light beam 16 is guided on
a further light receiver not shown in FIGS. 1 and 2 and can
thus optionally be averaged in time on each passage and
evaluated as to its intensity. The contamination test system
can be utilized in a dual function for this purpose.

The remaining five objects 1-5 can be satisfied by an evalu-
ation of the internal optical test signal of the test light trans-
mitter 38. The test light transmitter 38 should be similar
enough to the light transmitter 12 in a spectral and temporal
aspect that a signal which can be evaluated is generated in the
reception path. The test light transmitter 38 does not have to
be particularly powerful since its light is irradiated directly, or
atleast with very short light paths, within the laser scanner 10.
A simple laser diode, a relatively weak VSCEL or also an
LED is sufficient for this purpose. The time behavior of the
test light transmitter 38 is above all important in the already
addressed method in accordance with EP 2 482 094 B1 so that
the band pass properties of the analog electronics of the
resonant circuit are excited accordingly.

The inclusion of the deflection unit 18 in the beam path of
the test light transmitter 38 allows the checking of the adjust-
ment of the system and at least a rough monitoring of the scan
field planarity, with the latter also being at best roughly
checked by the conventional reference target measurement.

The trigger time of the test light transmitter 38 now fixes
the position of the test signal 54a-b in the signal window (cf.
FIG. 4 again). With a short pulse length and a sufficient dead
zone 58, this can be before the time range relevant to the
protected zone. When a resonant circuit is used in the analog
part, the extension of the test signal 54a has to be taken into
account. This initial time position is preferred due to the
generally precluded interaction with the measured signal 56.
On the other hand, the test signal 545 can be placed behind the
protected zone 60, that is in a time interval which exceeds the
time of flight of the light up to the maximum protected field
limit and back. If there is an echo or reverberation of a mea-
sured signal 56 here, it is again possible to switch to the front
dead zone 58 since in this case there is obviously no measured
signal 56 in the short distance.

An adaptive adaptation with which the test and the mea-
surement avoid one another is an advantage of this process
since it would not be possible with a rigid angular range of a
dead zone and there is no comparable degree of freedom
there. The amplitude of the test signal is an additional degree
of freedom. Different reference target types such as light,
dark or different in time can be realized by the adjustment
parameters of the test light transmitter 38. Respective sepa-
rate reference targets or reference target ranges were conven-
tionally required for this purpose.

The invention claimed is:

1. A laser scanner comprising:

a light transmitter for transmitting a light signal into a

monitored zone,

a light receiver for generating a received signal from the
light signal remitted by objects in the monitored zone,

a test light transmitter for generating a test light signal,

a movable deflection unit for the periodic deflection of the
light signal to scan the monitored zone in the course of
the movement, and

an evaluation unit for detecting the objects with reference
to the received signal and for testing the signal path from
the transmission of the light signal up to the detection of
the objects,

wherein the evaluation unit is configured also to detect
objects in angular positions of the deflection unit in
which the signal path is tested, and wherein the test light
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transmitter is orientated such that the test light signal
within the laser scanner moves directly or via a scatter-
ing object within the housing or via the deflection unit to
the light receiver.

2. The laser scanner in accordance with claim 1,

wherein the test light transmitter is orientated such that the
test light signal is additionally internally reflected at a
front screen of the laser scanner.

3. The laser scanner in accordance with claim 1,

wherein the evaluation unit is configured to trigger a test
light signal of the test light transmitter at a point in time
in which the test light signal is detected in the received
signal at a time offset from the light signal.

4. The laser scanner in accordance with claim 3,

wherein the point in time corresponds to a temporal dead
zone at the start or at the end of a measurement.

5. The laser scanner in accordance with claim 3,

wherein the evaluation unit is configured to adapt the point
in time dynamically in the course of the movement of the
deflection unit.

6. A method for the safe detection of objects in a monitored

zone, the method comprising the steps of:

transmitting a light signal by a light transmitter into the
monitored zone;

forming a received signal in a light receiver from the light
signal remitted by objects in the monitored zone;

scanning the monitored zone by periodic deflection of the
light signal at a movable deflection unit, with the objects
being detected with reference to the received signal;

testing a signal path from the transmission of the light
signal up to the detection of the objects;

detecting objects in angular positions of the deflection unit
in which the signal path is tested;

determining a time of flight of light between the transmis-
sion and the reception of the light signal; and

determining the distance of an object from the time of

flight.

7. The laser scanner in accordance with claim 1,

wherein the evaluation unit is configured to vary the ampli-
tude of the test light signal.

8. The laser scanner in accordance with claim 1,

further comprising an A/D converter and a memory to
digitize the received signal and to record it for a follow-
ing evaluation.
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9. The laser scanner in accordance with claim 1,

wherein the evaluation unit is configured to test whether
the test light signal is received at an expected minimum
amplitude and/or in an expected angular position of the
deflection unit.

10. The laser scanner in accordance with claim 1,

further comprising a test light receiver which is arranged
such that a portion of the light signal is received therein
directly or after reflection at a front screen of the laser
scanner.

11. The laser scanner in accordance with claim 1,

wherein the laser scanner has a base unit and a top unit
supported by a front screen; and wherein the deflection
unit is held in the top unit.

12. The laser scanner in accordance with claim 1,

further comprising an angle measurement unit for detect-
ing the angular position of the deflection unit.

13. The laser scanner in accordance with claim 1,

which is configured as a safety light scanner and has a
safety output, with the evaluation unit being configured
to determine whether an object is located in a protected
field within the monitored zone and thereupon to output
a safety-directed shut-down signal via the safety output.

14. The laser scanner in accordance with claim 6,

wherein the evaluation unit is configured to correct the time
of flight of light with reference to a point in time at which
the test light signal is received.

15. A laser scanner comprising:

a light transmitter for transmitting a light signal into a
monitored zone,

a light receiver for generating a received signal from the
light signal remitted by objects in the monitored zone,

a movable deflection unit for the periodic deflection of the
light signal to scan the monitored zone in the course of
the movement, and

an evaluation unit for detecting the objects with reference
to the received signal and for testing the signal path from
the transmission of the light signal up to the detection of
the objects,

wherein the laser scanner is configured as a distance mea-
surement device and the evaluation unit is configured to
determine a time of flight of light between the transmis-
sion and the reception of the light signal, to determine
the distance of an object from it, and to detect objects in
angular positions of the deflection unit in which the
signal path is tested.
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